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COPPER CONTENT IN A SOLDER DI PPI NG BATH BACKGROUND OF THE | NVENTION 5 1.
Field of the invention The present invention relates to a corrposigt“imw 06 a
| ead-free solder, and nore particularly, to a nmethod for controll'ing the
conposition of a nolten solder alloy in a solder bath to manufacture

appropri at ewd@l68ss j oi nts in a solder dipping operati ORcpdbhgrasdPescription
of the Related Art Sol der typically acquires its mettablFlty on netals at a

relatively | ow tenperature of 250C (degrees centigrade) or so. Wen a
printed board or lead wres arg f8gdge PtisQpper, copper on 15 the surface of
the conponent dissolves into a solder bath in a soldering operation. This
is called copper leaching. In lead-free solder, copper quickly dissolves
during the wet ®i ¢pyTROLHMETHEP/ IR CYRSER OPNTEKH SN iANS@RNER oMY eatrear ned that the
copper density rapidly rises in a solder bath. Wth the copper density
rising, the nelting point 20 of the solder rises, surface tension and
flowability change, leading to solder bridges, voids, inconplete solder

connecti ons, Bsgéﬂ%rlloﬁﬁbl(S%’Tlilﬁilﬁl\%Tﬁh\?' The quality of the solder joint

is thus
5 1. Field of the invention

The present inventioﬁ relates to a composition of a lead-free
solder, and more particularly, to a method for controlling the
composition of a molten solder alloy in a solder bath to manufacture
appropriate solder joints in a solder dipping operation.

10
2. Description of the Related Art

Solder typically acquires its wettability on metals at a
relatively low temperature of 250°C (degrees centigrade) or so.
When a printed board or lead wires are made of copper, copper on

15  the surface of the component dissolves into a solder bath in a
soldering operation. This is called copper leaching. In lead-free
solder, copper quickly dissolves during the wetting. The inventors
of this invention have learned that the copper density rapidly rises
in a solder bath. With the copper density rising, the melting point

20  of the solder rises, surface tension and flowability change, leading
to solder bridges, voids, incomplete solder connections, solder
spikes, icicles, etc. The quality of the solder joint is thus
substantially degraded. Further, in association with the copper
density rise, the melting point rises. Once started, the rising of the

25 copper density increases along with the rising of the melting point,

One of the inventors of this invention have developed a novel




substantially degraded. Further, in association with the copper density
rise, the nelting point rises. Once started, the rising of the 25 copper

density increases along with the rising of the nelting point. %b@{i @ge
inventors of this invention have devel oped a novel 3 0 NOV 2005 /2 433

PCT/ JP01/ 01359 2 solder alloy containing nickel (International Publication
W99/ 48639) oﬁﬂﬁmﬁave successful Iy inproved flowability g ckel adding
in the disclosed technique. In this gase, the proper contro? of the
content of copper is desirable. Once the copper density rises, replacing
the entire solder in a bath with new solder is an effective neans to
resolve this problem The replacenent of the solder, however, needs to be

frequently perdeor neithy i nemefining aaskd, andernefuhili nPubgiesiiess di sposal of
resources. 10 SUMMARY OF THE | NVENTI ON The present invention has been

devel oped t o We84§639heandathave ypreobdsémily |imprgveh fobyaatityofwitihe. present
invention to proyide, a control nethod for controlling the copper density
within a proﬁg?ke fgg'r“&n’@‘et i Yifclaped HEhREG- f R thifecaseptecBIAPSE of sol der in

a bath. When oyt g8t ¥r HRSDnTORRY copbpdl RidRidaBld Poards and

) Once the copper density rises, replacing the entire solder in a
bath with new solder is an effective means to resolve this problem.
The replacement of the solder, however, needs to be frequently
performed, increasing costs, and requiring needless disposal of
resources.
10
SUMMARY OF THE INVENTION
The present invention has been developed to resolve the
above problem. It is an object of the present invention to provide
a control method for controlling the copper density within a proper
15 range without the need for the replacement of solder in a bath.
When widely used copper-plated printed boards and
component parts having copper lead wires undergo a dip soldering
.operation, the copper density in the molten solder in a bath rises as
a result of copper leaching. Learning that it is impossible to
20 prevent this phenomenon, we have concluded that positively
controlling the copper density by diluting the copper content is the
best way possible.
Among solder alloys containing copper as the essential
composition thereof, a Tin-Copper-Nickel based alloy, for example,
25 is produced to improve solderability by adding a small amount of

nickel to a Tin-Copper eutectic alloy, which are basic compositions




conponent parts having copper |lead wres undergo a dip sol dering
operation, the copper density in the nolten solder in a bath rises as a
result of copper |eaching. Learning that it is inpossible thZQNgﬂﬁyent
t hi s phenonenon, we have concl uded that positively controlling the copper
density by diluting the copper content is the best way possible. Anong
sol der al |l oys contai ni ng copper as the ®ssential conposition thereof, a
Ti n- Copper - Ni ckel based alloy, for exanple, 25 is produced to inprove
solderability by adding a small anmount of nickel to a Tin-Copper eutectic
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Si nce copper has a high nelting
compound having a high melting point and unable to be dissolved at a
predetermined operating temperature. We have observed that the alloy sticks on
an object to be soldered, thereby degrading the solder quality. The amount of
copper dissolved in tin varies with temperature. Since copper has a high melting
point of 1,083°C, even a slight increase of copper results in a substantial rise in
the melting point of the solder. We have studied ways of continuing the

soldering operation without increasing the copper density in the solder, and

developed the following method.

When a rise in the copper density of the molten solder in a bath
containing tin, nickel and copper as the major compositions thereof, is
observed, an alloy containing at least tin and nickel and further no copper at all

- or a copper content having a density lower than that of an initial molten solder
held in the bath is replenished. When a lead-free solder of about 0.5% copper,
and about 0.05% nickel with balance tin as a remainder is introduced into a
bath, an alloy containing at least about 0.05% nickel with balance tin or an alloy
containing at least about 0.05% nickel with balance tin including less than 0.5%
copper is replenished in order to keep solder conditions good with the

replenishment of copper.



poi nt of 1,083C, even a slight increase of copper results in a substanti al
rise in the nelting point of the solder. W have studi ed ways of
continuing the soldering operation w thout increasing the clopRgfdensity
in the solder, and devel oped the follow ng nethod. When a rise in the
copper density of the nolten solder in a bath containing tin, nickel and
copper as the major conpositions therecf, is observed, an alloy containing
at least tin and nickel and further no copper at all or a copper content
having a density lower than that of an initial nolten solder held in the

bath i I i shed. ;W - f . 5% . d
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an alloy contarning at Teast about 0.05%nic ance tin 1 Acluding

| ess than @n3foycémiteining at @eastrtiboned. 3% svdel ahd abeap 00F%W aricksdnglithi ons
good with the replenishnent of copper. 3 0 NOV 2005 4 In anot her exanple,

a | ead- frebakoteltin, of anldbloy @ndsintgppteleastabout 335% %ilver, andraboab §.Gout
0.05% ni ckel wth bal ance . tin is.introduced into a solder pbath, ap alloy
cont ai ni ngnlﬁk\gl wath balapss tin inolding, less thand0 ko RPRSTAS IGRIFRIRBEA #f PFICThal ance

tin, or an t al ntn t least about 3.5%silver, and about 0.05%
ni ckel wi tﬁoa%%q%;%og(g&t%%ﬁﬁfth%?s%qogg | ess than 0.8% copper is replenished in
order to keep solder conditions good. Since an alloy to be repl enished

(hereinafter "replenished alloy") has no
Since an alloy to be replenished (hereinafter "replenished alloy") has no

copper content at all or a copper content having a density lower than that of the
molten solder alloy prior to the alloy replenishment, the copper in the bath is
diluted when the replenished alloy dissolves in the bath. Although the addition
of copper in the replenished solder is not a requirement, when an increase rate
in the copper density is slower than expected depending on the temperature
conditions in the solder bath, it may be better to add a little amount of copper.
The solder may be greatly consumed, for example, by a printed board having
through-holes. In such a case, the replenishment of an alloy having no copper
content at all is expected to excessively lower the copper content, and the

replenishment of the alloy containing a slight amount of copper is preferable.

The lead-free solder in the bath includes tin, copper, and nickel. The

present invention is not limited to this. The present




copper content at all or a copper content having a density |ower than that
of the nolten solder alloy prior to the alloy replenishment, the copper in
the bath is diluted when the replenished alloy dissolves | N et h.

Al t hough the addition of copper in the replenished sol der |s not a

requi renent, when an increase rate in the copper density is slower than

expect ed d,&ﬁgﬂgﬂgdon the tenperature conditions in t%?y %bﬁéé)bath, it

may be bett dalittle amount c.of copper. The s be greatly
consuned, for exanple, by a printed board having through-holes. In such a
case, t he repl eni shnment of an alloy having no copper content at all is

expected to excessively | ower the copper content, and the replenishnment of

the all oy Co%génr?{]orﬁgmgrstlc#egpﬁhmgrlton asC&stEUldér a{%?.llﬁ tﬁplbea The lead-free

sol der in the i nc copp and ni cke resent i nvention
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5 invention may be applied as long as the solder alloy in the bath
includes at Ivdesttheoppder. alldyeipties bath inclhelet icdemests dosdmapplingd  when t he
solder alloy in the bath includes elenents for inproving wettability or
for anti-oxi dttabilityTer tier sandr@xidetioper TObuthlﬁuerrﬂ SlIYQlegmﬁﬁl“%‘hosphor us,
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sol der is detgoy nefhiconsiHerniddd falls within the scope of the present
invention.
The amount of replenished solder is determined considering
the consumption of molten solder in a bath, liquidus temperature,
10 solder consumption per batch of printed boards, etc. In many
cases, an increase in the copper density and the throughput of the
printed boards are linearly correlated. The level of the molten
solder in the bath is continuously monitored. The solder is then
replenished when the amount of the solder drops below a
15 predetermined level. The shapes of replenished solder bulk
include but are not limited to a solder bar or a solder wire. Since
the increase in the copper density and the throughput of the printed
boards are linearly correlated as already discussed, a predetermined
weight of solder may be replenished in response to a predetermined
20  throughput of printed boards. Alternatively, solder replenishment
may be performed for a predetermined period of time. These
methods, optionally, may be used in combination.
In an optimum control to resolve various problems involved
in the copper density rise, the copper ciensity of the molten solder
25 containing tin, copper and nickel as the major compositions thereof

is preferably kept to less than 0.85 weight % with the molten soldér



the consunption of nolten solder in a bath, |iquidus tenperature, 10

sol der consunption per batch of printed boards, etc. In nmany cases, an
increase in the copper density and the throughput of the pri 3tledlVoligi ds
are linearly correlated. The level of the nolten solder in the bath is
continuously nonitored. The solder is then replenished when the anmount of
t he sol der drops below a 15 predeterm ned | evel. The shapes of replenished
sol der bulk include but are not limted to a solder bar or a solder wre.
Since the increase in the copper density and the throughput of the printed

boards are |inearly correl ated,as, al ready.di scuss r.e r.m ned
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probl ens involved in the copper density rise, the copper density of the
mol t en sol &0 weight 8t thiersoppet densitydpyzet of OB nivelghit %asnayhbe nh§arved, in
conpositions thereof is preferably kept to |l ess than 0.85 weight %wth the
mol t en sol H8F S§15§- NOv 2005 6 at a tenperature of about 255C. A density
target of 0.85 weight %is not a strict value but an approxi mate val ue,
and has a margi n depending on a shift in |[|iquidus tenperature. However, as

sol der connecti aRSaRREANE, iHBEREAHLY BFinted board that is manufactured through
the dip solder bath controlled in accordance with the above method,
substantially prevents introduction of lead, which is considered as a poisonous
metal. The apparatus does not contaminate working environments during
manufacturing, and presents no serious environmental problems when it is

disposed.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a graph plotting a change in a copper density in the
conventional art; and
FIG. 2 is a graph plotting a change in a copper density when a solder

containing Sn-0.05% Ni is replenished.

DESCRIPTION OF THE PREFERED EMBODIMENTS
Comparative examples;

A solder bath was filled with a solder containing about 0.5% copper, and
about 0.05% nickel with the balance tin. A great deal of printed boards was

processed at a solder temperature of 255+2°C. When solder having the same




0.90 weight % the copper density target of 0.85 weight % nay be observed,
in this sense. An apparatus, incorporating a printed board that is

manuf actured through the dip solder bath controlled in aCCpﬂCN@VI%%WIth t he
above nmethod, substantially prevents introduction of |ead, which
considered as a poisonous netal. The apparatus does not contam nate

wor ki ng environnments during manufacturing, and presents no serious

envi ronnmental problens when it is disposed. BRI EF DESCRI PTI ON OF THE
DRAWNGS FIG 1 is a graph plotting a change in a copper density in the
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conposi t i otheasoldéreinithe biath rises| teer solder indhe bathockminges apsurfacertension aadcopper
density in the bath increased to an undesirable level as shown in FIG 1 in

excess of Hewabilty: Ssldembidypef thegolsissrhpsamasexireragly poor nethsplderg poi nt

of

bridges, voids, incomplete solder joints, solder spikes, icicles, etc. Percentage

hereinafter is expressed in weight percent throughout.

Example 1 of this invention:

A solder bath was filled with a lead-free solder containing about 0.5%
copper, and about 0.05% nickel and balance tin. A great deal of printed boards
was processed at a solder temperature of 255+2°C under the same conditions as
those in the comparative example. Solder having no copper content at all was
then replenished. In this example, the replenished solder containing about
0.05% nickel with the remainder tin was continuously added. The copper
density was stable at a level of 0.7% or so as shown in FIG. 2. No poor

soldering performance was created.

Example 2 of this invention:

A solder bath was filled with an initial solder alloy containing about
0.6% copper, about 0.05% nickel with an antioxidant metal such as germanium,
phosphorus or calcium added in a proper amount and with the remainder tin. A
soldering operation was performed at a solder temperature of 255+2°C under
the same conditions as those in the comparative example. A solder alloy

identical to the initial solder alloy in the bath, but without copper,




the solder in the bath rises, the solder in the bath changes in surface
tension and flowability. Solderability of the sol der becane extrenely poor
with solder bridges, voids, inconplete solder joints, sol ded (skIVKgE,
icicles, etc. Percentage hereinafter is expressed in weight percent

t hroughout. Exanple 1 of this invention: A solder bath was filled with a

| ead-free sglder containing about 0.5% copper, and ab . 05% ni ckel and
bal ance tih&oisg¥é%t deal of printedgboards was procegggﬂgggﬁégsolder

tenmperature of 2552C under the sanme conditions as those in the conparative
exanpl e. Sol der having no copper content at all was then replenished. In
this exanple, the replenished sol der containing about 0.05% nickel with

the remai nderydsi fptasEQNt | AYQUAsY1radAGdin THIE LORPR' 2 nﬁ&@erms stabl e at
a level of 0.7%or so as shown in FIG 2. No poor soldering performance

was created. dexsitphreacheafablot 9.7%muadtfiarened &dladarwirasthbasdfdt! | ed with an
initial solder alloy containing about 0.6% copper, about 0.05% nickel with
an anti oxi dafkatnevell such as germani um phosphorus or cal cium added in a
proper anmount and with the renmainder tin. A soldering operation was
perfornmed at a sol der tenperature of 2552C under the sane conditions as

those in heE&gﬂgﬁéﬁ%h¥§ﬂ5§@?Rh&FhA solder alloy identical to the initia
sol der alloy™Tn € bath, but W Chout copper, 3 0 NOV 2005 WO 01/62433
PCT/ JP01/ 01359 8A solder bath was filled with a lead-free solder containing
about 0.6% copper, and about 0.05% nickel with the remainder tin.
A soldering operation was performed at a solder temperature of 255
+ 2T under the same conditions as those in the preceding
10 examples. A Tin-Nickel solder without copper but with an
antioxidant metal such as germanium, phosphorus or calcium added
in a proper amount was replenished. As a result, like in the above
examples, the copper density reached about 0.7% and flattened off
and is stabilized at that level.
15 The solder alloys used were a Tin-Copper-Nickel alloy.
Positively controlled element was only copper, and there is no need
for controlling other elements. This is true of the alloys which
contain silver, bismuth, indium, phosphorus, germanium, etc. for
improving wettability or for anti-oxidation.
20 The present invention positively controls, in a molten solder
in a bath, copper which is an essentially required metal but is
detrimental to solderability when the density thereof exceeds a
threshold value. Even if a great deal of soldering operations is
performed using the same solder bath, the quality of solder joints is
25 kept excellent. An apparatus, incorporating a printed board that is

manufactured through the solder dipping bath controlled in



was replenished. As a result, like in the exanple 2, the copper density
reached about 0.7% and flattened off and was stabilized at that level. 5
Exanple 3 of this invention; A solder bath was filled with a | eh8-NOk €805

sol der containing about 0.6% copper, and about 0.05% nickel with the

remai nder tin. A soldering operation was performed at a sol der tenperature
of 255 2&, F‘der the sanme conditions as those in the Tr/ece§ii g 10

exanpl es. AP ckel sol der wi t hout copper but with BEhREYPSXi dant net al
such as germani um phosphorus or cal cium added in a proper anmount was

repl eni shed. As a result, like in the above exanples, the copper density
reached about 0.7% and flattened off and is stabilized at that |evel. 15
The sol der aht@ydantzeditheie #boleNmeMRREsnMN1ekSd11RktMce 1eB@ShEA Vel Y _
controlled el enent was only copper, and there is no need for controlling
ot her el emenmsithéfhcentamitateemafufabmrialgl eyndrodmeahts, enditopertiinayer, bi snut h,
i ndi um phosphorus, germanium_ etc. for inproving wettability or for

anti - oxi dat i 6AVITOIMIHE, FrasERMit | Hvapgs otrapbisy t %/ diegd contdispesalin a ol ten
solder in a bath copper whi %h is an essentially requjred netal but is

detrinmental CBT2EPBEr abillet SRR IR L) SROIHINRHRP o OF  tRx JOLHRE &t hr eshol d
val ue. Evegn 'Bf.odqw%ﬁqg tﬂ?s%ub@fan?&'l%ﬁcr hngiRperations is performed using the
, 1t sol de

sanme sol der bath e quality o rjoints is




25 kept excellent. An apparatus, incorporating a printed board that is
manuf act ured through the sol der dipping bath controlled in 3 0 NOV 2005 WO
01/ 62433 PCT/JP01/ 01359 9 accordance with the above net hod, u@ﬁt tially
reduce | ead, and neither contam nate manufacturing environnéﬁt ) @ﬂh
operational environments, nor emt a large quantity of |ead in disposal
operations. The environnental contam nda®ion with volune 5 production is

t hus substantially controlled. 3 0 NOV 2005 10 CLAIMS: 1. A control nethod
for copper density in a solder dipping bath conprising: providing a solder

di ppi ng ba&i hfi\légl ng a nolten solder alloy conprising copper and tin; dip
sol dering 4 t one copper-containing part selected fromthe group
consisting of a printed circuit board having a copper foil attached thereon
and a conponent part having a copper |ead attached thereto; and

i ntroduci ng, a r apésitol hesths@ fetedopiet H@hﬁityciﬁlihoﬁld&tdiﬁibihﬁ%ltlﬁp@fﬁ?ﬂ@ihg?Ont ent
having a density |l ower than that "of the nolten solder held in the bath
prior to the spppligingfa sdiderdippimg lsatle ioktihgle maoleert svdddradlloyseompraging he
copper density in the bath is controlled to a predeterm ned constant
density or CPRRgEERNd tin;

dip soldering at least one copper-containing part selected from the group
consisting of a printed circuit board having a copper foil attached thereon and a

component part having a copper lead attached thereto; and

introducing a replenished solder without copper at all or a copper content
having a density lower than that of the molten solder held in the bath prior to
the supply of the replenished solder to the bath so that the copper density in the

bath is controlled to a predetermined constant density or lower.

2. A control method for copper density in a solder dipping bath according
to claim 1, wherein the molten solder alloy in the bath comprises tin, copper
and nickel as the major compositions thereof, and wherein the replenished

solder comprises tin and nickel as the major compositions thereof.

3. A control method for copper density in a solder dipping bath according
to claim 1, wherein the molten solder alloy in the bath comprises tin, copper
and nickel as the major compositions thereof, and the replenished solder

comprises tin, copper and nickel as the major components thereof.




2. A control method for copper density in a solder dipping bath according .
to claiml1, wherein the nolten solder alloy in the bath conprises tin,
copper and nickel as the major conpositions thereof, and wherein the
repl eni shed sol der conprises tin and nickel as the major cohP86itls ons
thereof. 3. A control nethod for copper density in a solder dipping bath
according to claiml, wherein the noltén solder alloy in the bath
conprises tin, copper and nickel as the major conpositions thereof, and

t he repl eni shed sol der conprises tin, copper and nickel as the major
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di ppi ng bath according to claim wherein tRe nolten solder alloy in the

bat h conpr cemprisentin angpdver asrtﬂesndwecompomhenmﬁ;emofcorrpos| tions thereof,
and the repl enished solder conprises tin, copper and silver as the major
conposi tions thereof 6. A control nethod for copper density in a sol der

di bat.h di t f .cl t d | d

" Pt Poduded wAsRoRtd methad 105 ROpRE Agtlinhsbsolder Fivnive B AaOBE bel ow
a predeter I | d

i bpi g barh AT, Fafheretp the E86USELoIE! ARGy 1R iné SRAFEOHBRSLS Wiy Bofbetol det
repl eni shegng odif@f ass tﬁ@dnij@rtdtﬁnﬁ&htl@ﬁs thereof, and the replenished solder

comprises tin, copper and silver as the major compositions thereof.

6. A control method for copper density in a solder dipping bath according
to any one of claims 1 to 5, the replenished solder is introduced when the level

of the molten solder in the bath drops below a predetermined level.

7. A control method for copper density in a solder dipping bath according
to any one of claims 1 to 5, wherein the replenished solder is fed to the molten
solder bath each time a predetermined number of printed circuit boards is

processed through the bath.

8. A control method for copper density in a solder dipping bath according
to any one of claims 1 to 3, wherein the copper density in the molten solder
bath is controlled to less than 0.85 weight % with the molten solder alloy at a
temperature of approximately 255°C.




sol der bath each tine a predeterm ned nunber of printed circuit boards is
processed through the bath. 8. A control nethod for copper density in a
sol der di pping bath according to any one of clains 1 to 3, @@ﬁVﬁ@R t he
copper density in the nolten solder bath is controlled to I% 0. 85
wei ght %with the nolten solder alloy at a tenperature of approxi mately
255'C. 3 0 NOV 2005 12 9. An electricall2and el ectroni c appar at us
incorporating a solder joint that is produced in the dip solder bath in
accordance with a copper control nmethod according to any one of clains 1

to 8. 10. thod .f or. t | ] ng. tent . der. di ppi.ng bath
comp i 51 ngd- pr oGPIFGHZANBIY SIS EBNiSAPTREAAS HBIOBPTALLE AcioLest IOt BR 11| oy
cdarng o Ry edARABE BN E SRk DRuRL Bk BRI il ARG e

maj or corrpggddra@gaotahgzrdﬁ@fofd@imsﬁl feg hod for controlling copper content in
a sol der di pping bath® conprising: providing a nolten sol der bath holding a

nolten sol der alloy conprising tin, copper and silver as the major
conpositions thereof; an&)adding fo said bath a repl eni heg,solder
conpri si ngl®i n Andnethpdeforagontrallings coppeso Apatent iiBng redipping bath

comprising:
providing a molten solder bath holding a molten solder alloy comprising

tin, copper and nickel as the major compositions thereof; and

adding to said bath a replenished solder comprising tin and nickel as the

major compositions thereof.

11. A method for controlling copper content in a solder dipping bath
comprising:
providing a molten solder bath holding a molten solder alloy comprising

tin, copper and silver as the major compositions thereof; and

adding to said bath a replenished solder comprising tin and silver as the

major compositions thereof.




